Cardiomyocytes develop from anterior primitive streak cells induced by β-catenin activation and the blockage of BMP signaling in hESCs.
Cardiomyocytes arise from cells that migrate to the mid-to-anterior region of the primitive streak (PS) during embryogenesis. We previously showed that canonical Wnt/β-catenin pathway signaling leads to the development of nascent PS populations from human embryonic stem cells (hESCs) and that synergistic activation of the Wnt/β-catenin pathway and inhibition of bone morphogenetic protein (BMP) signaling by Noggin induced the formation of anterior PS cells. We herein demonstrate that anterior PS cells induced by the activation of β-catenin with Noggin differentiate into functional cardiomyocytes when cultured in suspension with BMP4 and fibroblast growth factor 2 (FGF2). All aggregates generated from the anterior PS cells developed into contracting cells demonstrating their cardiac potential. More than 30% of the cells in each aggregate were α-actinin-positive cardiomyocytes. In addition, these cardiomyocytes could be easily purified up to 80% by simple size fractionation. In contrast, the posterior PS cells induced by β-catenin activation without Noggin showed poor cardiac potential. These results show that the commitment to a cardiac lineage in vitro occurs through similar cellular and molecular signaling pathways involved in cardiac development in vivo, thus providing a valuable culture model for studying early cardiac developmental events in hESCs.